The study aims to determine the effectiveness of robot-assisted training in the recovery of stroke-affected arms using an exoskeleton robot Armeo Spring. OBJECTIVE: To identify the effect of robot training on functional recovery of the arm. METHODS: A total of 34 stroke patients were divided into either an experimental group (EG; n = 17) or a control group (n = 17). EG was also trained to use the Armeo Spring during occupational therapy. Both groups were clinically assessed before and after treatment. Statistical comparison methods (i.e. one-tailed t-tests for differences between two independent means and the simplest test) were conducted to compare motor recovery using robot-assisted training or conventional therapy. RESULTS: Patients assigned to the EG showed a statistically significant improvement in upper extremity motor function when compared to the CG by FIM (P < 0.05) and ACER (P < 0.05). The calculated treatment effect in the EG and CG was meaningful for shoulder and elbow kinematic parameters. CONCLUSIONS: The findings show the benefits of robot therapy in two areas of functional recovery. Task-oriented robotic training in rehabilitation setting facilitates recovery not only of the motor function of the paretic arm but also of the cognitive abilities in stroke patients.
Introduction
Stroke is a common cause of permanent disability worldwide. In Europe, ischemic heart disease and stroke are the first and second most common single causes of death, respectively [1] . The effects of stroke vary from person to person based on the type, severity, location and number of strokes. Stroke is the main cause of functional impairment of the upper limbs (ULs), which has important effects on participation in activities of daily living. Therefore, any treatment that increases the functional recovery of patients after stroke could significantly reduce the physical and emotional stress on their families and society in general. The recovery of UL motor function is usually achieved within the first 6 months after it decreases in any chronic phase [2] . The greatest improvement in global cognitive functioning, especially attention, memory and visuospatial ability domains, is observed within the first 4 months after a stroke [3] . Therefore, it is very important to select the most suitable and effective rehabilitation strategy in the post-acute period after a stroke. Recent clinical trials showed meaningful advances in greater intensity UL training as well as repetitive task training after a stroke [4, 5] . Virtual reality (VR) technology [6] and robot-assisted training enhance conventional movement therapy as they increase repetitions of well-defined motor tasks and improve motivation due to feedback from the devices [7] [8] [9] [10] [11] [12] . To maximise neural, motor and functional recovery, training needs to be long lasting, challenging, repetitive, task-specific, motivating, salient and intensive. VR-based motor rehabilitation is a relatively recent approach that has been moderately effective at improving UL functionality and closely related to improving skills and abilities for daily living activities when compared to conventional therapy [13, 14] . Robotic technologies for post-stroke rehabilitation are developing rapidly, and the main goals of robotic training are to increase the active range of motion (ROM), strength and endurance as well as to facilitate self-initiated movement to increase selective control. Recent studies showed promising results of robotassisted treatment not only in stroke-affected patients but also in other neurological diseases such as multiple sclerosis [15] and spinal cord injuries [16] .
The hypothesis in this study was that robotic training of a stroke-affected arm using an Armeo Spring robot-assisted trainer would reduce motor impairment with respect to arm and hand function more effectively than conventional therapy.
Methods

Study design and participants
The G-power software package was used to calculate the required sample size. A significance level of 0.05, power of 0.95 and a large effect size of 1.2 required a minimum total sample size of n = 32 for a one-tailed t-test to determine the difference between two independent means (two groups).
A total of 34 stroke patients (12 women aged 65.17 ± 4.49 (mean ± SD) years; 22 men aged 65.95 ± 4.46 (mean ± SD) years) were enrolled in the study. Patients were included in the study if they had experienced an ischemic or haemorrhagic stroke, were aged 60-74 years old and older, had strokeaffected arm paresis, experienced disturbed deep and superficial sensations and achieved a Mini-Mental State (MMS) test score > 21 points. Patients were excluded if they had stroke-affected arm paralysis, were 59 years old, and achieved a MMS test score < 21 points, had aphasia, experienced shoulder or wrist pain syndrome or had a hypertonic stroke-affected arm.
Patients were randomly assigned to receive robotic training (experimental group (EG); n = 17) or additional conventional therapy (control group (CG); n = 17). The clinical and demographic characteristics of both groups are presented in Table 1 . All patients gave their written informed consent, and the local ethics committee approved the study (No. 158200-17-912-422).
Clinical assessment
All patients were clinically evaluated using functional independence, mental tests and hand motor function methods. These tests included the modified Functional Independence Measure (FIM) instrument (six-item self-care FIM scale) [17] , the Fugl-Meyer Assessment (FMA) of UL recovery after stroke [18, 19] , the Hamilton Rating Scale for Depression (HAD) and the Hamilton Rating Scale for Anxiety [20] , Addenbrooke's Cognitive Examination-Revised (ACE-R) of global cognitive function recovery after stroke [21] , the Modified Ashworth Scale (MAS) as a measure of muscle tone [22] and ROM assessment of the shoulder, elbow and wrist. Outcome measures were assessed before (baseline) and after treatment, which is referred to as pre-and post-outcomes in the results.
Equipment
For robot-assisted treatment, the Armeo Spring (https://www.hocoma.com/solutions/armeo-spring/; see Fig. 1 ) was used to train the affected UL. The Armeo Spring is an instrumented arm orthosis with five degrees of freedom (without robotic actuators) that allows passive movements. The instrument contains a spring mechanism for adjustable arm weight support in a large 3D workspace that can be used as a real-time input device to the associated therapy software (Armeo control). Seven angle sensors (angle sensor resolution < 0.2 • ) and one pressure sensor measured the movement quality during the treatment session. Continuous adaptation of weight compensation force to the subject's needs was adjusted for the forearm (weight compensation 0.7-2.4 kg) and upper arm (weight compensation 0.5-3.8 kg). The outcome measures assessed after the treatment session included active ROM, active motion in 3D space and movement quality (%). Goniometers were used to clinically assess the capability of the affected arm. 
Procedures
Both groups received treatment lasting for 30 minutes on 5 days of the week. CG patients additionally performed conventional functional rehabilitation for 35-60 minutes/day in approximately 10 occupational therapy sessions (including exercising, physical activities, active table games etc.). In the EG, conventional treatment of the affected arm was substituted with Armeo Spring training for 30 minutes/day in 10 sessions. Robotic training was administered under the supervision of an occupational therapist who adjusted the patient to the therapy by setting their parameters and therapy conditions (Fig. 2) . All robotic treatment sessions consisted of a sequence of motor tasks followed by a short resting phase. The patient was asked to perform between five and seven exercise cycles. At the start of the robotic therapy session, a clinician examined the arm impairment to investigate motor function recovery, pain and other complications. All patients sat on a chair or wheelchair fitted with a seat belt to limit torso movements and prevent falling. Patients were instructed to actively contribute to the exercise according to the movement goals.
Data analysis
Collected data were analysed using MATLAB software (Mathworks Inc., USA). Student's t-test was used to verify the existence of a possible relationship between the examined variables. The difference in the effect size between the EG and CG was calculated using the simplest statistical test [23] .
Results
All 37 subjects recruited in the study successfully completed the training. Demographic, stroke and functional baseline characteristics were not significantly different between the two groups ( Table 1) . The baseline and post-treatment results of the clinical assessments are presented in Table 2 . At baseline All values are given as mean ± standard deviation. ROMpre and ROMpost are clinical measures of the stroke-affected arm before and after the treatment session, respectively. ROMpre-ROMpost is the change or effect of the treatment. * P < 0.05. Fig. 4 . Kinematic data in both the EG and CG pre-and post-treatment (n = 34 total).
( Fig. 3) , all patients showed similar UL impairment results and changes in kinematic data (Fig. 4) . The effect of treatment on kinematic data is presented in Table 3 . Not all clinical trial results were significantly different between the two groups. Robotic training led to a significant increase in ACE-R and modified FIM scores (P < 0.05) ( Table 2 , Fig. 5 ). These findings were related to the increase in UL ROM from baseline in the EG compared with the CG (Table 3) .
The EG demonstrated a significant increase in ROM from baseline in both the shoulder and elbow; however, the ROM in the wrist did not differ meaningfully. Therefore, it could be stated that robotic therapy is effective at recovering ROM in the shoulder and elbow regardless of increased muscle tone; however, wrist motor function remained limited. The MAS score frequency in the groups is presented in Table 2 and Fig. 6 . They demonstrate an increase in elbow and wrist muscle tone after treatment in both groups.
Discussion
This study showed that robotic training with an Armeo Spring reduces UL motor impairment more effectively than conventional therapy. Previous studies displayed promising results when assessing the impact of robot-assisted training on the abilities of stroke patients following treatment [9, 11, 12] , and significant differences were found in clinical trials (i.e. FMA and FIM) in comparison to baseline [11] . Moreover, some studies demonstrated significant improvements in all assessment scores following robotic training [9] . The functional level of self-care activities significantly improved in both groups between the start and end of robotic training. Data from a similar survey demonstrated that rehabilitation within 2 weeks of a stroke increased physical activity levels (according to FIM) but did not significantly affect mobility and social activity levels [24] .
This study identified significant differences between the tested groups in terms of the modified FIM and ACE-R scores as well as in the rehabilitation training effect size (P < 0.05). Firstly, robotic training influenced cognitive abilities much more than motor functions, which was reflected by the significant difference between the tested groups in terms of their ACE-R scores (P < 0.01). In addition, a robotic training session that lasted for 60 minutes was too long for patients, as after 30-40 minutes they got tired, could hardly pay attention, made long pauses and did not perform the task correctly. Considering these indicators, an optimal training session duration of 30 minutes was chosen. The results from another study suggested that a technology-enhanced physical rehabilitation programme might improve UL functionality in patients after a stroke with training programs lasting for 30 minutes/session [12] . The EG demonstrated visible improvements in their attention, memory and orientation and only after saw an increase in their functional independence and motor functions in comparison with the CG. A recent study [7] evaluated the cortical excitability and plasticity potential of the bilateral primary motor areas in response to the repetitive paired associative stimulation paradigm using transcranial magnetic stimulation and Armeo Power kinematic parameters. The consistent finding of bilateral activation abnormalities after a stroke suggests that both cerebral hemispheres play an important role in functional recovery and the plastic rearrangement of neuronal networks.
In summary, it is clear that the results of this study did not show such an evident success in terms of significant results from the assessments, as most were not meaningful. The limitations of this study could be that it was performed shortly after the stroke had occurred and that the training was only performed for a short duration and for a small number of sessions. Several studies have verified that the potential for motor function improvement persists months after a stroke [8] . The greater the initial level (degree of arm control), the higher the rehabilitation efficiency, with each level increasing efficiency by 0.19 units [25] . Motor function improvement in the stroke-affected arm is also influenced by the increase in hypertonicity during the first month after stroke [24] . The spasticity results from the MAS showed significant changes in resistance to passive movement around the elbow and wrist, and changes in this indicator could lower the recovery of hand motor function (restrictions in recovery ROM and arm agility were especially observed).
Training intensity may be an important factor that contributes to the difference, specifically in patients with severe impairment. It was noted, that 10 training sessions was too short of a time to achieve better results in terms of functional and mental recovery after a stroke. In conclusion, this study showed that task-oriented robotic training was safe and enhanced not only motor function in the paretic arm but also the cognitive abilities of the stroke patients.
